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SUMMARY 


This  is  a  semi-annual  progress  report,  and  it  presents  a  specialized 
summary  of  the  data  in  the  counting  accelerometer  program.  Statistics 
describing  Navy  and  Marine  aircraft  cumulative  g-count  exceedances  are 
calculated  and  tabulated.  These  tabulations  are  separated  by  calendar 
time  and  into  four  major  categories  of  fleet  experience:  Navy  Training, 
Navy  Combat,  Marine  Training,  and  Marine  Combat. 

These  data  show  that  the  load  rate  distributions  (counts  at  1000  hours) 
for  most  models  and  most  g-levels  have  a  non-normal  distribution.  Within 
a  model  (F-4B,  F-8H,  etc.)  differences  in  the  average  load  rates  exist 
when  data  are  separated  by  calendar  time  or  mission  category. 
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SPECIAL  NOTES 


1.  This  report  supersedes  and  replaces  all  previous  issues  of  this 
semi-annual  report,  (Previous  issue  report  control  symbol  NADC-13920-2 
dated  1  May  1973. 

2.  Additional  copies  of  this  report  may  be  obtained  from: 

Administrator 

Defense  Documentation  Center  for  Scientific 
and  Technical  Information  (DDC) 

Building  5,  Cameron  Station 
Alexandria,  Virginia  22314 

3.  Any  inquiries,  questions,  or  additional  information  desired  con¬ 
cerning  the  contents  of  this  report  shall  be  directed  to: 

Naval  Air  Development  Center 

Air  Vehicle  Technology  Department  (30322) 

Warminster,  Pa.  18974 

Area  Code  215  OS  2-9000  (Ext.  2896) 

Autovon  441-2896 
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INTRODUCTION 


The  NAVAIROEVCEN  (Naval  Air  Development  Center)  is  engaged  in  various 
flight  maneuver- loads  programs  as  assigned  by  the  Naval  Air  Systems 
Command.  One  of  these  is  the  counting  accelerometer  program,  and  under 
this  program  data  have  been  collected  and  reported  since  1955. 

The  primary  purpose  of  this  program  is  to  provide  the  flight  load  history 
of  individual  Navy  and  Marine  aircraft.  Other  purposes  include,  but 
are  not  limited  to,  the  comparison  of  operational  loads  environment  with 
structural  design  requirements,  the  comparison  of  load  histories  of  one 
model  with  another,  and  the  determination  of  expected  loads  environment 
of  future  models.  More  recently,  however,  these  data  are  used  as  the 
major  input  in  the  NAVAIRDEVCEN  Aircraft  Structural  Fatigue  Life  Program 
in  estimating  structural  fatigue  damage  for  those  aircraft  which  do  not 
have  counting  accelerometer  data. 
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DISCUSSION 


This  is  a  semi-annual  progress  report  and  includes  statistical  summaries 
for  all  Navy  and  Marine  aircraft  (whether  they  are  currently  in  service 
or  out  of  service)  which  have  reported  in  the  counting  accelerometer 
program.  Out-of-service  models  or  models  which  have  not  reported  counting 
accelerometer  data  during  the  previous  12  months  appear  in  Appendix  A. 

The  summary  for  each  out-of-service  model  is  its  final  summary.  New 
models  are  added  as  their  counting  accelerometer  data  become  available. 

For  each  model,  the  following  statistics  are  presented:  (See  Appendix  B 
for  the  statistical  procedures.) 

X  -  the  estimated  mean  load  exceedances  (counts  at  1000  fit.  hrs.) 
for  each  g- level  recorded  on  the  counting  accelerometer. 

S  -  estimated  standard  deviation  (counts  at  1000  fit.  hrs.)  of 
the  load  exceedances  for  each  g- level. 

A3  -  estimated  skewness  factor  for  the  load  exceedance  distribution. 

Two  statistical  summaries  describing  cumulative  g-count  exceedances  and 
flight  hours  for  each  currently  operational  model  are  presented: 

1.  The  first  summary  includes  all  quality-control  accepted  data 
reported  in  the  time  period  comprising  the  terminal  date  of  this  report 
and  the  12  months  preceding  that  date. 

2.  The  second  includes  all  quality-control  accepted  data  reported 
in  the  counting  accelerometer  program  from  the  day  each  airplane  was 
delivered  for  service  to  the  terminal  date  of  this  report. 

The  first  summary,  which  includes  only  the  most  recent  12  months, 
shows  an  indication  of  a  model's  current  severity  of  usage.  The  second 
summary  describes  the  severity  of  loads  experienced  by  all  airplanes  of 
each  model  since  acceptance*  A  comparison  of  the  first  summary  with 
the  second  shows  whether  current  usage  for  any  model  is  more  or  less 
severe  than  usage  over  its  full  lifetime. 

A  further  breakdown  by  mission  category  is  provided.  These  are  provided 
for  each  airplane  model  in  both  of  the  aforementioned  summaries.  These 
categories  are  defined  as  follows: 

1.  Navy  Training  -  an  airplane  in  a  Navy  squadron  assigned  to  a 
non-combat  zone.  (This  includes  all  Navy  airplanes  not  classified  as 
being  in  a  combat  zone.) 


NADC  13920-2 


2,  Navy  Combat  -  an  airplane  in  a  Navy  squadron  assigned  to  a 
combat  zone. 

3,  Marine  Training  -  an  airplane  in  a  Marine  squadron  assigned  to 
a  non-combat  zone.  (This  includes  all  Marine  airplanes  not  classified 
as  being  in  a  combat  zone.) 

4,  Marine  Combat  -  an  airplane  in  a  Marine  squadron  assigned  to  a 
combat  zone. 

The  statistics  for  the  F-4J  Blue  Angels  are  separated  into  solo  air¬ 
craft  and  diamond  formation  aircraft.  In  the  subsequent  tables,  the 
total  flight  hours  shown  for  a  given  model  are  the  sum  of  the  hours 
reported  for  each  category.  However,  summing  the  number  of  airplanes 
reporting  in  each  category  can  result  in  a  number  exceeding  the  total 
aircraft,  because  the  same  airplane  may  have  seen  service  in  two  or 
more  categories.  Its  data  were  separated  for  calculation  of  statistics 
for  each  respective  category. 

Some  general  statistical  observations  for  fleet-wide  loads  data  are 
the  following: 

1,  The  load  exceedance  distribution  for  many  of  the  aircraft  models 
is  non-normal  (particularly  asymmetrical)  at  all  the  g- levels  recorded. 
In  general,  the  degree  of  asymmetry  increased  with  increasing  g-level. 

g 

2,  The  scatter  measure  —  (coefficient  of  variation)  increases 

with  higher  g-levels.  ^ 

3,  For  a  given  g-level,  there  is  more  scatter  in  loads  received 
during  training  than  during  combat. 

4,  Differences  exist  in  loads  frequency  among  various  configura¬ 
tions  of  the  same  model  and  various  mission  categories  within  the  same 
configuration. 
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TABLES 


Counting  accelerometer  data  are  subject  to  quality  control  criteria 
modif ications •  ThuSy  in  succeeding  reports,  model-wide  summary 
statistics  are  subject  to  change  even  though  a  model  may  no  longer 
be  in  service. 


•* 
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■  j 

Subj:  The  Determination  of  Sample  Statistics  for  Counting  Accelerometer 
Data 


Ref:  (a)  Broxralee,  K.  A.,  "Statistical  Theory  and  Methodology  in 

Science  and  Engineering,"  Wiley  1965,  pp.  358-359 
(b)  Dixon  &  Massey,  Introduction  to  Statistical  Analysis, 
McGraw-Hill,  Second  Edition,  1957,  pp.  194-195 

1.  The  purpose  of  this  technical  memorandum  is  to  define  and  justify 
the  methods  used  at  NAVAIRDEVCEN  in  calculating  statistics  describing 
counting  accelerometer  data.  The  subsequent  outlined  sequence  is 
repeated  for  each  aircraft  model,  for  each  mission  category,  and  for 
each  g-level  where  there  is  sufficient  data. 


2.  These  are  the  methods  used  for  determining  sample  statistics.  Consider 
a  scatter  diagram  of  cumulative  counts  (at  any  g-level)  vs.  flight  hours. 


where  each  dot  represents  the  cumulative  counts  and  flight  hours 
accrued  by  an  individual  serial  number  which  is  flying  or  has  flown. 


Let  hi  be  the  total  quality  control  accepted  flight  hours  for  the 
i^^  plane  (i=l,  2 - N) 


Let  ci  be  the  cumulative  counts  during  the  hi  hours  for  the  i^h  plane 
(i=l,  2 - N) 


N  is  the  total  number  of  aircraft  of  this  model  and  mission 
category  for  \diich  there  is  recorded  information. 


Then 


(1)  b 


Z  ‘'i^i 

i=l  where  b  is  slope  of  lirts  (Figuro  I)  throv^gh  origin 

N  ^2  fitted  by  least  squares 

&1  ^ 


(2)  X  ==  1000b 


estimated  mean  load  exceedances  at  1000  hours 
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(3)  h  =  i-1  average  flight  hours 

N 

estimator  of  the  population  sta'nd  .rd  error 
squared  of  the  regression 


estimator  of  the  population  standard 
error  of  the  regression 


estimated  standard  deviation  (counts 
at  1000  hours)  of  the  load  exceedances 
for  each  g-level 


estimated  skevmess 


3.  The  following  is  the  explanation  and  justification  for  these  methods: 

Aircraft  which  do  not  have  any  flight  hours  must  have  zero  counts; 
therefore,  the  line  in  figure  2  must  go  through  (0,0).  Brownlee 
(reference  (a))  describes  the  methods  for  fitting  a  least  squares  line 
through  the  origin  (0,0).  The  slope  of  this  line  is  the  estimated  mean 
exceedance  rate  (per  hour).  Multiplying  this  rate  by  1000  will  result 
in  exceedances  at  1000  hours  (equation  (2)).  Multiplying  b  by  any 
other  h  number  of  hours  will  result  in  mean  exceedances  at  h  hours. 

If  the  data  in  figure  1  were  separated  into  flight  hour  intervals 
(see  figure  2)  and  the  standard  error  in  each  interval  were  plotted 
against  average  flight  hours  (see  figure  3)  in  that  interval,  the  resultant 
curve  is  assumed  to  have  the  square  root  functional  form.*  Due  to 
limitations  in  sample  size,  these  individual  ^'s  could  not  be  determined 
accurately;  thus,  it  V7as  necessary  to  calculate  a  single  for  all  h 
combined  and  apply  it  at  h.**  Equation  (5)  uses  figure  3  to  convert  ^ch 
at  h  to  S  at  1000  hours. 


A  2  r  (ci-bhj^) 

CTch  =  ^ _ L. 


N-1 


A  v/zT 
^ch  -V'^ch^ 


► 


(5)  S  =M  1000  '(p 


^^4 


ch^h 


^  3 

(6)  A3  =  (ci-bhj^) 


ch 


*  This  is  partially  justified  by  the  fact  that  the  variance  of  a  siim 
of  independent  random  variables  is  equal  to  the  sim  of  the  independent 
variances.  Unreported  statistical  tests  performed  at  NAVAIRDEVCEN  show 
that  figure  3  is  a  reasonable  fit  to  actual  data.  It  should  be  noted 
that  the  <j~'s  in  figure  2  are  estimated  by  equation  (4),  but  each  ^ 
was  calculated  using  the  data  points  in  the  respective  interval. 

**The  estimated  standard  error  is  used  as  the  standard  error  of 

estimate  for  a  hypothetical  distribution  of  planes  all  having  R  hours. 
This  follows  from  work  in  reference  (b). 
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If  one  wanted  the  standard  error  at  some  other  value  of  hours  h 
he  would  simply  replace  1000  in  equation  (5)  by  that  value  of  hours ’h 
and  the  appropriate  standard  error  would  result. 

Skewness  A3  is  computed  in  equation  (6).  This  measure  indicates 
vmether  more  airplane  load  exceedances  are  above  the  mean  line  or  below 
the  mean  line.  If; 

A3<0  More  load  exceedances  are  above  mean  line  than  below 

A3  =  0  Equal  nxunber  of  load  exceedances  above  and  below  mean 

A3>0  More  load  exceedances  are  below  mean  line  than  above 

(Strictly  speaking  a  distribution  is  symmetrical  only  if  all  its  odd 
moments  are  zero;  however,  the  above  statement  is  approximately  true.) 

4.  For  ease  of  computation,  equation  (4)  can  be  expanded  as  follows: 
(N-1)  '^ch2  =  |■^^(ci-bhi)2 

(N-1)  ^ch2  =  I  (ci2-2bCihi+b2h^2) 
i=l  ^ 

(7)  (N-1)  ^ch2  =  I  Ci2.2b  I  c.hi  +  b2  f 

i-1  i=l  i«l 


H-rv^a  p-f-ia 
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An  example  using  F-4G  training  Navy  data,  12  airplanes  4.0G  level 


Serial  No, 

Counts  (ci) 

Hours  (hi) 

150481 

1567 

1341.7 

150484 

649 

618.2 

150487 

1114 

1100.8 

150489 

5 

27.3 

150492 

768 

691.7 

150625 

23 

139.6 

150629 

396 

555.1 

150633 

718 

831.3 

150636 

854 

839.1 

150639 

536 

695.4 

150642 

910 

775.3 

150645 

160 

233.0 

The  following  are  tabulated: 
=  7848.5 


c  =  7700 
1  ^ 


=  6913341.6 


I.  h.2  =  6735017.87 
i=l 


c,-2  =  7250716.00 
i=l 


^  (c.-bh^)^  =  -7082690 

i=l 
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r 


and  are  used  in  the 
6913341.6 


(1)  b  = 


6735017.87 


following  equations; 

=  1.02647  cts.  per  hr. 


(2)  X  =  1000  (1.02647)  =  1026.47  cts.  at  1000  hrs. 

(3)  h  =  =  654.04  hours 


s  2  -  7250716  -  1.02647  (6913341.6)  ^ 
(8)  'T^h'^  ”11 


(5)  s  =  '/lOOO  (14034) /654  =  146.46  cts.  at  1000  hours. 


^h=118.5 


(6) 


-7082690 
12  (118.5) 


-.36 


T 
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